Hypokalemia and the pathology of ion transport molecules.
Serum potassium is normally maintained within a narrow range through an exquisite balance between cellular K+ efflux and influx, and between the intake and output of potassium from the body. Ultimately such balances are determined by cell membrane molecules which effect K+ transfer from one milieu to another. Over the last decade, electrophysiological and molecular techniques of study, briefly reviewed in this article, have helped to define the biochemical and functional characteristics of many of the molecules responsible for potassium homeostasis. When combined with molecular genetics, the same technology allows for the ultimate definition of hereditary or familial disease states characterized by hypokalemia. Familial hypokalemic periodic paralysis is associated with mutations of the dihydropyridine receptor gene encoding the L-type Ca+2 channel, but how such mutations result in episodic hypokalemia and paralysis remains a mystery. Mutations in several genes involved in renal ion transport also result in hypokalemia. Among them, Liddle's syndrome, or pseudohyperaldosteronism, has been linked to increased surface expression of the epithelial sodium channel (ENaC) responsible for Na+ transport in the cortical collecting duct. On the other hand, Bartter's syndrome, characterized by defective salt reabsorption by the ascending limb of Henle's loop, is associated with mutations in either the NKCC2 gene encoding the loop's 1Na+-1K+-2Cl- cotransporter, or in the ROMK gene, which allows K+ recycling in the loop to occur from cell to lumen, making Na+ reabsorption via the cotransporter possible. In Gitelman's syndrome, which clinically appears as a milder form of Bartter's, the abnormal gene encodes the thiazide sensitive Na+-Cl- cotransporter operating in the distal convoluted tubule.